Two novel Psychrobacter-like bacterial strains, JG-219 T and JG-220, were isolated from jeotgal, a traditional Korean fermented seafood. Cells of strains JG-219 T and JG-220 were
The two strains showed no difference in their 16S rRNA gene sequences but exhibited minor differences in their phenotypic properties. T and JG-220 exhibited levels of 16S rRNA gene sequence similarity of 95?2-98?7 % to the type strains of recognized Psychrobacter species. The mean level of DNA-DNA relatedness between strains JG-219 T and JG-220 was 84?4 %. The two strains exhibited levels of DNA-DNA relatedness of 1?5-32?9 % to the type strains of eight phylogenetically related Psychrobacter species. On the basis of phenotypic data and phylogenetic and genetic distinctiveness, the two strains were classified as representing a novel species within the genus Psychrobacter, Psychrobacter cibarius sp. nov. The type strain is JG-219 T (=KCTC 12256
The genus Psychrobacter is classified in the family Moraxellaceae within the c-Proteobacteria (Juni, 1991) . The family also includes the genera Moraxella and Acinetobacter (Rossau et al., 1991; Bowman et al., 1996) . At the time of writing, 17 species are recognized in the genus Psychrobacter, Psychrobacter immobilis (Juni & Heym, 1986) , Psychrobacter frigidicola, Psychrobacter urativorans, Psychrobacter phenylpyruvicus, Psychrobacter glacincola (Bowman et al., 1996 (Bowman et al., , 1997 , Psychrobacter pacificensis (Maruyama et al., 2000) , Psychrobacter proteolyticus (Denner et al., 2001) , Psychrobacter faecalis (Kämpfer et al., 2002) , Psychrobacter submarinus, Psychrobacter marincola (Romanenko et al., 2002) , Psychrobacter jeotgali (Yoon et al., 2003) , Psychrobacter pulmonis (Vela et al., 2003) , Psychrobacter luti, Psychrobacter fozii (Bozal et al., 2003) , Psychrobacter okhotskensis (Yumoto et al., 2003) , Psychrobacter maritimus and Psychrobacter arenosus (Romanenko et al., 2004) . The genus Psychrobacter accommodates Gram-negative, coccoid or rod-shaped, oxidase-positive, non-motile, psychrophilic or psychrotolerant and halotolerant bacteria (Juni & Heym, 1986) . Psychrobacter species have been isolated from various habitats or sources, including sea water, food, various human clinical samples, poultry, sea ice, krill and Antarctic ornithogenic soil (Juni & Heym, 1986; Shaw & Latty, 1988; Juni, 1991; Bowman et al., 1996 Bowman et al., , 1997 Maruyama et al., 2000; Denner et al., 2001) . In this study, we report on the taxonomic characterization of two strains, JG-219 T and JG-220, which were isolated from jeotgal, a traditional Korean fermented seafood. The two strains were compared with recognized Psychrobacter species using phenotypic characteristics and phylogenetic and genetic analyses.
Strains JG-219
T and JG-220 were isolated by the dilution plate technique on marine agar 2216 (MA; Difco) at 30 uC. Growth at various temperatures from 4 to 37 u C was measured on MA, and growth at various pH values and tolerance to NaCl were measured in marine broth 2216 (MB; Difco). Growth in the absence of NaCl was investigated in trypticase soy broth (Difco) lacking NaCl. Growth under anaerobic conditions was determined after incubation in an anaerobic chamber on anaerobically prepared MA. Cell morphology and presence of flagella were examined by light microscopy (Nikon E600) and transmission electron microscopy of cells grown on MA. Gram reaction was determined using the bioMérieux Gram staining kit according to the manufacturer's instructions. Catalase activity was determined by bubble production in a 3 % (v/v) hydrogen peroxide solution on MA. Oxidase activity was determined by oxidation of 1 % (w/v) p-aminodimethylaniline oxalate. Nitrate reduction was investigated as described by Lanyi (1987) . Hydrolysis of hypoxanthine, tyrosine and xanthine was performed on MA using the substrate concentrations recommended by Cowan & Steel (1965) . Urease activity and hydrolysis of Tween 80, casein, gelatin, aesculin and starch were determined as described by Cowan & Steel (1965) . Acid production from carbohydrates was determined as described by Leifson (1963) . Utilization of various substrates for growth was determined as described by Yurkov et al. (1994) . Requirements of yeast extract (0?005 g), biotin (10 mg), p-aminobenzoic acid (1 mg), thiamin hydrochloride (1 mg) and vitamin B 12 (1 mg) were investigated in the liquid medium as used for the substrate utilization test supplemented with 0?1 % (w/v) acetate as the sole carbon and energy source. The API ZYM system (bioMérieux) was used to determine enzyme activity. Antibiotic sensitivity was tested by spreading bacterial suspension on MA and applying discs impregnated with the following antibiotics (content per disc): ampicillin (10 mg), penicillin G (10 U), lincomycin (15 mg), polymyxin B (300 U), streptomycin (30 mg), tetracycline (30 mg) and neomycin (15 mg).
Cell biomass for isoprenoid quinone analysis and for DNA extraction was obtained from cultivation for 3 days in MB at 30 u C. Respiratory lipoquinones were analysed as described by Komagata & Suzuki (1987) using reversed-phased HPLC. For fatty acid methyl ester (FAME) analysis, cell mass of strains JG-219 T and JG-220 was harvested from agar plates after cultivation for 6 days on MA at 30 uC. FAMEs were extracted and prepared according to the standard protocol of the MIDI/Hewlett Packard Microbial Identification System (Sasser, 1990) .
Chromosomal DNA was extracted and purified by the procedure described by Yoon et al. (1996) . The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) with a modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC. DNA-DNA reassociation was determined by the microplate hybridization method (Ezaki et al., 1989) using photobiotin-labelled DNA probes. Type strains of P. fozii, P. okhotskensis, P. pulmonis, P. luti, P. faecalis, P. glacincola, P. proteolyticus and P. urativorans were used as reference strains for DNA-DNA hybridization. P. faecalis DSM 14664 16S rRNA gene sequence amplification was performed according to the method described by Yoon et al. (1998) using two universal primers. Sequencing of the amplified 16S rRNA gene was performed as described by Yoon et al. (2003) . Alignment of sequences was carried out with the CLUSTAL W program (Thompson et al., 1994) and gaps at the 59 and 39 ends of the alignment were omitted from further analysis. Evolutionary distances were calculated using the Kimura two-parameter correction with the CLUSTAL W package (Thompson et al., 1994) . A phylogenetic tree was constructed using the neighbour-joining method (Saitou & Nei, 1987) on the basis of distance matrix data. The reliability of grouping was assessed by 1000 bootstrap resamplings of the neighbour-joining dataset using the CLUSTAL W package.
Morphological, cultural, physiological and biochemical characteristics of strains JG-219
T and JG-220 are shown in Table 1 or are given under the species description below. The major respiratory lipoquinone of strains JG-219 T and JG-220 was ubiquinone-8 (Q-8), at peak area ratios of approximately 83 and 86 %, respectively. The result of cellular fatty acid analysis of strains JG-219
T and JG-220 is summarized in Table 2 . The two strains had cellular fatty acid profiles that contained large amounts of straight-chain and unsaturated fatty acids. These fatty acid profiles were similar to those of Psychrobacter species in containing C 18 : 1 v9c and C 17 : 1 v8c as the predominant components (Bozal et al., 2003; Romanenko et al., 2002 Romanenko et al., , 2004 Yoon et al., 2003; Yumoto et al., 2003) . The DNA G+C contents of strains JG-219 T and JG-220 were 43?5 and 43?0 mol%, respectively.
The almost-complete 16S rRNA gene sequences of strains JG-219 T and JG-220 determined in this study comprised 1494 nt. The two strains showed no difference in their 16S rRNA gene sequences. Comparative 16S rRNA gene sequence analysis and estimation of phylogenetic relationships showed that strains JG-219 T and JG-220 are most closely related to members of the genus Psychrobacter (Fig. 1) . The two strains exhibited 16S rRNA gene sequence similarity levels of 98?7, 98?7, 98?2, 98?1, 97?9, 97?7, 97?6 and 97 ?0 % to the type strains of P. fozii, P. okhotskensis, P. pulmonis, P. luti, P. faecalis, P. glacincola, P. proteolyticus and P. urativorans, respectively. The two strains exhibited 16S rRNA gene sequence similarity values of less than 95?2 % to the type strains of the other Psychrobacter species. Strains JG-219 T and JG-220 exhibited a mean DNA-DNA relatedness value of 84?4 % when their DNAs were used individually as a labelled DNA probe for cross-hybridization. This value indicated that strains JG-219 T and JG-220 were members of the same genomic species (Wayne et al., 1987 (Juni & Heym, 1986; Bowman et al., 1996) ; 3, P. frigidicola (Bowman et al., 1996) ; 4, P. glacincola (Bowman et al., 1997; Romanenko et al., 2002) ; 5, P. phenylpyruvicus (Bowman et al., 1996) ; 6, P. urativorans (Bowman et al., 1996) ; 7, P. marincola (Romanenko et al., 2002) ; 8, P. submarinus (Romanenko et al., 2002) ; 9, P. proteolyticus (Denner et al., 2001; Kämpfer et al., 2002; Bozal et al., 2003) ; 10, P. luti (Bozal et al., 2003) ; 11, P. fozii (Bozal et al., 2003) ; 12, P. jeotgali (Yoon et al., 2003) ; 13, P. pulmonis (Vela et al., 2003) ; 14, P. pacificensis (Maruyama et al., 2000) ; 15, P. okhotskensis (Yumoto et al., 2003) . +, Positive reaction; 2, negative reaction; ND, not determined; W, weakly positive reaction; V (+), variable reaction but type strain positive; V (2), variable reaction but type strain negative. All species were positive for catalase and oxidase. Urease activity and JG-220 and the type strains of P. fozii, P. okhotskensis, P. pulmonis, P. luti, P. faecalis, P. glacincola, P. proteolyticus and P. urativorans were in the range 1?5-32?9 % (DNA-DNA relatedness data are available as supplementary material in IJSEM Online).
The phenotypic characteristics of strains JG-219 T and JG-220 were similar to those of members of the genus Psychrobacter (Table 1) . Strains JG-219
T and JG-220 are similar in most phenotypic characteristics except for properties such as utilization of some carbon sources and some enzyme activities (Table 1 ). The predominant respiratory lipoquinone and fatty acid profiles of strains JG-219
T and JG-220 were similar to those of the type strains of the other Psychrobacter species (Bozal et al., 2003; Romanenko et al., 2002 Romanenko et al., , 2004 Yoon et al., 2003; Yumoto et al., 2003) . The phylogenetic distinctiveness and DNA-DNA relatedness data provide evidence that strains JG-219
T and JG-220 differ from Psychrobacter species with validly published names. On the basis of the data presented, strains JG-219 T and JG-220 should be placed as members of a novel species of the genus Psychrobacter, for which the name Psychrobacter cibarius sp. nov. is proposed.
Description of Psychrobacter cibarius sp. nov.
Psychrobacter cibarius (ci.ba.ri9us. L. masc. adj. cibarius relating to food). 
